AIMS OF THE STUDY: According to current evidence, one out of ten fracture patients with osteoporosis does not sustain another fracture if he or she is on adequate medication. However, epidemiological surveys show that only about 15 to 30% of affected patients avail themselves of the treatments. This cohort study investigated how many fracture patients with a recommendation for antiosteoporotic therapy effectively received treatment and the possible reasons why the treatment was not implemented.
METHODS: As part of a quality improvement programme in a Swiss trauma centre, fracture patients were actively checked for osteoporosis in accordance with a standardised outpatient programme. The results, together with detailed therapy recommendations, were transmitted to each patient's general practitioner (GP). A prospective questionnaire survey evaluated all patients with a diagnosis of osteoporosis for subsequent realisation of therapy 1 year after the fracture (mean ± standard deviation; chi-square; analysis of variance; significance level p <0.05).
RESULTS: A total of 305 patients received a recommendation for antiosteoporotic therapy, of whom 18 (5.9%) died before 1 year. The questionnaire was completed for 255 out of 287 patients (follow-up 88.9%; 73.8±11.5 years old at the time of survey; 77.7% female). Of these, 117 patients (45.9%) sustained a fracture of the lower extremities and 105 patients (41.1%) a fracture of the upper extremities; 33 patients (13%) had other or multiple fractures. Fifty-two cases (20.4%) had pre-existing osteoporosis at the time of fracture. At the 1-year follow-up, 132 (52%) patients were receiving prescribed drugs. The most frequent patient explanation for not taking treatment (n = 123) was, in 47.2% of cases (n = 58), that none had been prescribed; 30.1% of patients were not interested. Multivariate analysis of verifiable factors of influence confirmed that fracture patients were treated significantly more reliably with antiosteoporotic therapy if osteoporosis was diagnosed with dual energy x-ray absorptiometry alone in patients with fewer comorbidities, and that fracture patients persisted significantly more reliably with antiosteoporotic therapies when pre-existing osteoporosis was present (R 2 0.17; p <0.001).
CONCLUSIONS: Following a standardised diagnostic work up for osteoporosis as part of fracture treatment, and including the communication of recommendations for antiosteoporotic therapy to the GP, only every second patient actually received the proposed treatment. This appears to be better than described in the literature but still calls for improvement. Two different solutions appear to be possible based on these findings: to endeavour to better inform and convince GPs about the need for treatment and/
Introduction
Osteoporosis is a systemic bone disease resulting in an increased risk of fracture due to reduced bone mineral density and microarchitecture [1] . The probability of sustaining an osteoporotic fracture at the age of 50 years in Switzerland is reported to be 51% for women and 20% for men [2] . The occurrence of an osteoporotic fracture is not only associated with the risk of further fractures [3] , but also with increased morbidity and mortality of the affected patients. Randomised controlled trials have demonstrated that treatment of osteoporosis in patients with fragility fractures can reduce the risk of subsequent fractures by up to 50% and mortality rates by up to 30% [4] [5] [6] . Although fragility fractures are associated with considerable healthcare costs and dramatic consequences, most cohort and epidemiological studies continue to report low implementation rates for antiosteoporotic therapy of about 15 to 30% following osteoporotic or fragility fractures [7] [8] [9] [10] [11] [12] . This impressive underuse of therapy is even more astonishing in the light of the fact that studies such as the one published by Kanis et al. from the UK [13] demonstrated that pharmacological therapy (generic alendronate) was cost-effective in the prevention and treatment of fractures, with a 10-year probability for a major fracture that exceeded 7% in women. German insurance evaluations in almost 270 000 patients [14] found that, depending on the medicaments, 17 to 66% of patients regularly took prescribed bisphosphonates 1 to 2 years after their fracture. Just 2 years after regular intake of antiosteoporotic medicaments the affected women showed a significantly decreased rate of subsequent fractures in comparison with women who did not take their medication in a reliable way. In multivariate testing, reliable intake was the only variable to significantly decrease the risk of subsequent fractures [15] . It is known that interventions such as sending therapy recommendations or reminder e-mails to the attending general practitioner (GP) or patient can increase the number of patients undergoing diagnostic procedures or receiving therapy for osteoporosis [16] [17] [18] . It has been proven that such interventions are cost effective and that the effect may actually last for the longer term [19] . Rosenwasser et al. underlined that after a fracture the treating orthopaedic surgeon has the full attention of the injured patient and therefore plays a major role in steering patients into osteoporosis screening programmes and subsequent treatment [20] . Studies from Germany [21] and Canada [20] , for example, have shown that if the surgeon initiates the process by ordering a bone densitometry examination, the patient is more likely to get treatment for their underlying disease than if it is just suggested that the patient see their medical doctor at some future date. Several years ago in Geneva, a clinical osteoporosis pathway for the management of patients with low trauma fracture in a selected population of 384 patients recruited over 3 years achieved the result that about two thirds of patients who received specific antiosteoporotic therapy were still on therapy 6 months later [22] . But even after more than a decade of national and international efforts and many articles demonstrating the need to take secondary fracture prevention seriously, recent reports indicate that the treatment gap for patients presenting with a fragility fracture may even have worsened [23] . Against this background, the aim of this 1-year follow-up quality-control study at a Swiss trauma centre was to verify the implementation and adherence rate of antiosteoporotic therapy in patients who, on sustaining a new fracture, went through standard diagnostic procedures and were given specific recommendations for antiosteoporotic therapy. Given the lack of knowledge as to why patients in effect do not take antiosteoporotic remedies even though specifically recommended, the reasons for lack of compliance were investigated in more detail in this patient survey.
Materials and methods
The prospective observational investigation was approved by the Cantonal Ethics Board, EK2013/036 (NCT 02157753).
The main goal of this quality-control study was to verify the implementation of and the adherence to specific therapy in patients who had sustained a fracture 1 year earlier and for whom the indication for antiosteoporotic therapy was assessed and the therapy accordingly recommended. In addition, for patients not taking antiosteoporotic remedies even though recommended, we wanted to identify the In univariate analysis, the subgroup of patients who did not take specific antiosteoporotic remedies were found to be more ill according to the Charlson Score (p <0.001) and osteoporosis was diagnosed more often on the basis of pathological osteodensitometry (DXA) only (vs with additional FRAX). In addition, patients who did not take antiosteoporotic drugs showed a tendency to be older (p = 0.09), living in a nursing home (p = 0.07) or had sustained a frac- The most frequently expressed arguments for why patients did not take specific antiosteoporotic remedies (n = 123) were in 43.9% (n = 54) that they were not prescribed any and in 17.9% that they were not interested in taking the medication (table 4) .
Results

Discussion
This consecutive survey in fracture patients aged 50 years or older for whom osteoporosis was diagnosed following a standard diagnostic procedure and appropriate therapy was actively recommended to the participating GP revealed three major findings. First, despite a procedure of active assessment and recommendation efforts, only every second patient with the indication for anti-osteoporotic therapy had received it at one year follow-up. Recent reports and population-based evaluations from the US [23, 26] , Germany [27] , Switzerland [18] or the UK [28] , for example, show that only in about 10 to 30% are diagnostic tests and/or treatment for osteoporosis adequately executed following fragility fractures or the diagnosis of osteoporosis. Studies on medication use beyond 6 months after initiation of antiosteoporotic therapy mostly report adherence rates ranging from 17 to 56% [29] . In Switzerland, a treatment gap of 58% was found for women at high risk of fracture [30] . A former evaluation in Swiss centres dedicated to the treatment of osteoporosis revealed that only 22% of patients were adequately treated after an acute fragility fracture [18] . Our finding at 1-year follow up of a 52% adherence rate to specific therapy in patients who sustained an osteoporotic fracture appears to be disappointing at first glance. On the other hand, the literature cited above indicates that this rate is in the upper range of reported experiences. This is even more valid given that it was achieved without any dedicated gerontotraumatological procedures, but simply by en- couraging routine trauma surgeons to actively identify atrisk patients and recommend appropriate therapy based on an interdisciplinary approach. A study from the Netherlands comparing a hospital with a dedicated fracture liaison service with one without reported that patients seen at the fracture liaison service had a 56% decreased risk of nonvertebral fracture and a 35% lower mortality than those not seen at the fracture liaison service during the 2-year follow-up period [31] . For intervention programmes, divergent success rates have been reported in the literature (some of them randomised studies) with several interventions showing no success at all [32, 33] . A Cochrane systematic review could not identify one single intervention or bundle of specific combinations that worked best in this field. The authors underlined that the most efficacious multifaceted interventions all involved interactions between study subjects and healthcare professionals: for each of the interventions that led to statistically significant improvements in adherence, the intervention subjects had periodic one-on-one follow-up with trained healthcare professionals [34] . Literature data have shown that it is unrealistic to expect that a one-dimensional intervention such as education or feedback based on response to therapy could significantly improve adherence and reliability across a diverse population [32] . Nevertheless, patients' belief in a particular medication appears to contribute to better adherence and can be improved by firmly associating treatment with expected benefits such as reduced risk of fracture and, consequently, an improved quality of life [35] . Convincing every single patient and their doctor not only to follow the relevant diagnostic procedure but also to implement and persist with therapy, if indicated, continues to be an ongoing and laborious challenge in the field of treatment for osteoporosis. Second, few studies have investigated possible factors of influence to explain why patients with an indication for antiosteoporotic therapy do not receive it [34, 36, 37] . Looking in more detail at cases where indicated therapy was not implemented in our setting, multivariate analysis disclosed three main factors. First, it was found that in cases where the indication for therapy was based on FRAX and not on DXA alone, antiosteoporotic therapy was implemented less often. Even though GPs for all of these patients received a written specific therapy recommendation based on the same standard diagnostic procedure, including DXA and additional FRAX scoring in cases of osteopenia, they were more likely to implement the therapy recommendations when osteoporosis was diagnosed by DXA only. Originally, the definition of osteoporosis relied on the WHO-based T-score of bone mineral density (BMD). According to this definition, only subjects with a T-score at or below ˗2.5 were consid- ered to have osteoporosis [38] . Today, almost all guidelines [25, 35] for osteoporosis also include additional risk factors and scores such as the FRAX to indicate therapy and are no longer based solely on DXA measurement. In the Rotterdam epidemiological study, only 44% of women and 21% of men aged 55 and older with a nonvertebral fracture had a T-score lower than ˗2.5 [38] . A population-based Study of the Osteoporotic Fractures Research Group found that 54% of women aged >65 years without osteoporosis but with a subsequent hip fracture had a T-score of ≤˗2.5 at the beginning of follow-up [39] . In this light, restricting therapy only to those patients with a pathological T-Score ≤˗2.5 in DXA may be interpreted at least as a very conservative approach towards therapy, if not already as a lack of knowledge on up-to-date treatment of osteoporosis by the GPs concerned. With the chosen patient-centred survey approach we can only speculate on the motivation of participating GPs. In a representative questionnaire survey in 2005/6, every second German GP admitted not knowing the national guidelines and not using them [40] . Recent studies found that few primary care physicians are versed in the use of the FRAX calculator, which would provide guidance regarding a patient's suitability for pharmacological therapy [41] . A recent prospective qualitative study of fragility fracture patients and the barriers to diagnostic testing and treatment of osteoporosis primarily revealed unclear or incorrect information given by the healthcare providers involved [42] . Our finding of a lower prescription rate in cases with a more sophisticated "up-to-date" indication for osteoporosis therapy, despite GPs receiving an identical specialist recommendation, indicates that this more dedicated approach may not be valued equally by participating GPs. A second group for whom a significantly reduced implementation rate of antiosteoporotic therapy was found in multivariable analysis was more ill according to their Charlson scores. This possible impact was considerably stronger than increasing age, which showed only a trend in univariate analysis. From the geriatrics literature it is known that elderly patients, for example, who have had a hip fracture are especially vulnerable to non-receipt of postfracture secondary prevention [37] . The aforementioned study from the Netherlands comparing a hospital with a dedicated fracture liaison service to one without reported that patients not willing or not able to participate were significantly older and had more often sustained hip fractures than patients who agreed to subsequent therapy [31] . In our cohort study the patients' fracture region did not yield a significant association in multivariate analysis regardless of whether antiosteoporotic treatment was implemented or not. Univariate analysis showed a trend (p = 0.07) towards a higher implementation rate in patients after a fracture of the radius or the hip versus all other fracture regions. Multiple comorbidities were described to be associated with decreased persistence with pharmacological antiosteoporotic therapy [43, 44] . In particular, dementia or cognitive impairment [45, 46] were found to be associated with lower prescriptions for osteoporosis pharmacotherapy. From daily experience we know that the motivation to treat for osteoporosis often decreases in situations of clearly reduced quality of life and/or expected limited life expectancy. Given the high risk of further fractures, including subsequent morbidity and mortality, especially in these subgroups of patients, in our eyes such an attitude has to be questioned. Third, on the other hand, the subgroup of patients for whom the diagnosis of osteoporosis was not new at the time of fracture showed a significantly increased adherence to treatment for osteoporosis at the 1-year follow-up. We have insufficient information on how many of these patients already took antiosteoporotic drugs at the time of fracture. In accordance with the literature [20] , it appears that the occurrence of a fracture motivated these patients and their doctors to persevere more effectively with adequate therapy than did a recommendation for therapy in patients with a new diagnosis of osteoporosis.
As a third major result, this survey reveals some details about how antiosteoporotic therapy was applied by GPs in the investigated cases. The standard recommendation for therapy given by the rheumatology specialist in our project always included medication alternatives, both with regard to the substance and the form of intake, and were tailored to the patients' individual medical history and possible contraindications. In this way, both GPs and patients were given the liberty to choose the specific treatment. About two thirds of our patients took bisphosphonates and every fourth received denosumab. A recent US national health survey of >12 000 nursing home residents whose osteoporosis prescription data were available showed that the most commonly used therapy was a bisphosphonate, in 73.5% of cases, followed by calcitonin in 16.3%; denosumab was distributed only in 1.4% [47] . In a US setting, rates of persistence and compliance over 12 months were higher among women started on denosumab compared with those receiving other osteoporosis therapies [48] . Only a minority of our patients (42%) reported taking their specific remedies by themselves, most of them on a weekly basis. The distribution of medicaments and the observed dosing regimens appear to be in line with the development of new substances and the increasing trend in the treatment of osteoporosis of delivering therapy through injections by care givers. Retrospective studies indicate that weekly dosing regimens are associated with better persistence than daily regimens [49] . The newer injection treatments given quarterly, 6-monthly or annually should theoretically have the potential to improve adherence. However, to what extent increased use of these drugs will improve adherence and lead to fewer fractures in clinical practice is currently not known. Kothawala et al. presented a meta-analysis of adherence to osteoporosis medication [50] . This review compared results from both self-reported and database studies, and concluded that about one third to half of all patients on osteoporosis medication do not take their medication as directed. Recent investigations report that following the once yearly intravenous infusion of zoledronate about one third of patients still did not receive a second application at the correct time and, in the case of ibandronate given every 3 months, only little more than every second patient continued treatment on this drug after 1 year [14] . A database analysis of over 4000 German women with osteoporosis prescribed oral bisphosphonates in the period from December 2004 to November 2007 showed that compliance and persistence with oral bisphosphonates were inadequate. The 1-year persistence rate was 27.9% and 66.3% of women were compliant. After 2 years of therapy, compliant women had fewer frac-tures than noncompliant women. In multivariate analysis, treatment compliance was the only factor that significantly decreased fracture risk [15] . One of the strengths of this study is its high follow-up rate of 87% with regard to the outcome parameters under investigation [51] , whereby the relevant information was derived from patients in about three quarters of cases and the rest from the participating GPs. We primarily undertook this analysis from the perspective of patients, using their GPs answers as a substitute. Given the need for repeat prescriptions, we are of the opinion that the main question of interest as to who effectively received antiosteoporotic drugs can be sufficiently answered by this approach. In addition, cases in which patients answered for themselves as opposed to those where GPs responded for them differed only with regard to living status and comorbidities (Charlson). It is not surprising that for the majority of more elderly and more ill patients the information had to be obtained from their GPs. Given the assumption that elderly people in nursing homes and/or those who are more ill will obey their GP's prescription at least as much as anyone else, the resulting persistence rates should be reliable and we analysed these data accordingly. In contrast, the more detailed information about why patients did not implement the recommended antiosteoporotic treatment was limited to the subgroup of responding patients. Subsequent interpretation has to take into account this restriction. We cannot say who effectively took medicaments correctly: this study did not look for any detailed data on the pharmacotherapy compliance of patients. We used a simple questionnaire, specifically designed for this quality control study, and so we were not aware at the time of study planning of the recently published first disease-specific adherence measure developed for osteoporosis, the ADEOS-12 [36] . In summary, the adherence rate after use of a consistent standard procedure as outlined above produced rates that were more than twice as good as those previously reported by Swiss centres. Nevertheless, every second fracture patient still does not receive adequate therapy following an osteoporotic fracture, a fact that calls for further improvement. Our investigation primarily revealed lack of prescription of medicaments as the explanation of this deficit. This survey from the patient's perspective cannot provide detailed medical reasons why GPs might have argued against therapy. Nevertheless, given the high percentage of patients without therapy we are of the opinion that an important increase in the number of practising GPs motivated to comply with recommendations for antiosteoporotic therapy could be achieved. The nonimplementation of therapy was most prevalent in the group of patients for whom osteoporosis was diagnosed with the additional use of FRAX (and not DXA only) and for more ill (and older) patients.
In the light of these findings it seems GPs have to be better convinced and informed about new guidelines. In our setting we tried to achieve this by this survey per se and additional information attached to every letter detailing recommendations for antiosteoporotic therapy. A completely different approach could be that we as a trauma centre would not only diagnose and recommend specific antiosteoporotic therapy but would also independently initiate and subsequently manage therapy over a longer period. Dedicated fracture liaison services demonstrated success with such an approach [31] . In addition, efficacious multifaceted interventions, including modern techniques such as mobile text messages or remote internet-based treatment support, may further improve the adherence to osteoporosis pharmacotherapy after osteoporotic fracture, especially if regular interactions between patients and healthcare professionals may be provided [34] . Given our restricted resources at the time we could not pursue the latter strategy and instead try to further improve the communication with patients and their GPs on the topic.
